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( [1], [4]), pure-delay $([3],[5],[7],[9])$ .





. $x(t),$ $y(t)$ , , $r:,$ $a_{1j}$.
( $=1,2$), $\tau$ . $\mu$ : $[-\tau, \mathrm{O}]arrow \mathrm{R}$ $[-\tau, 0]$ $(-\tau, 0)$
$\int_{-\tau}^{0}d\mu(s)=1$ .
$\{$
$x(s)=\phi(s)\in C([-\tau, 0], [0, +\infty))$ , $\phi(0)>0$ ,





. (1.2) (1.1) $[0, +\infty)$
, $x(t)>0,$ $y(t)>0$ .
$a_{21}r_{1}-a_{11}r_{2}>0$ (1.3)
, (1.1) $\vee\supset$ $(x^{*}, y^{*})$ .
$x^{*}= \frac{a_{22}r_{1}+a_{12}r_{2}}{a_{11}a_{22}+a_{12}a_{21}}$ , $y^{*}= \frac{a_{21}r_{1}-a_{11}r_{2}}{a_{11}a_{22}+a_{12}a_{21}}$ .
, (1.1) $(x^{*}, y^{*})$ .
. 2 , 2
. 3 , 2
(1.1) , $(x^{*}, y^{*})$
.
2.
distributed delay 2 :
$\mathrm{x}’(t)=A\int_{-\tau}^{0}\mathrm{x}(t+s)d\mu(s)$ . (2.1)
$A$ $2\cross 2$ , $\tau$ , $\mu$ : $[-\tau, \mathrm{O}]arrow \mathrm{R}$ $[-\tau, 0]$
$(-\tau, 0)$ . , $\mu$
$\mu(s)+\mu(-\tau-s)=\mu(0)+\mu(-\tau)$ $a.e$ . $s\in[-\tau, 0]$ (2.2)













$a_{i} \int_{-\tau}^{0}\cos(\frac{\tau+2s}{\tau}\frac{\pi}{2})d\mu(s)$ $(i=1,2)$ . (2.4)
, , $I_{1}$ I2 :
$I_{1} \equiv\int_{-\tau}^{0}\cos[\frac{\tau+2s}{\tau}\{$ $\frac{\pi}{2}-\cos^{-1}(\frac{|\frac{1}{2}\mathrm{t}\mathrm{r}A|}{\sqrt{\det A}})\}]d\mu(s)$ ,
$I_{2} \equiv\int_{-\tau}^{0}\cos(\frac{\tau+2s}{\tau}\frac{\pi}{2})d\mu(s)$ .
, $\mu$ $[-\tau, 0]$ , $I_{1},$ $I_{2}$ $[-\tau, 0]$
, $I_{1}>0,$ $I_{2}>0$ . , $2\cross 2$ $A$
2.1. (2.2) . , (2.1)
$\mu(0)>\mu(-\tau),$ $\mathrm{t}\mathrm{r}A<0,$ $\det A>0$
(i) $(\mathrm{t}\mathrm{r}A)^{2}-4\det A<0$ ,
$I_{1} \sqrt{\det A}<\frac{\pi-2\cos^{-1}(|\frac{1}{2}\mathrm{t}\mathrm{r}A|/\sqrt{\det A})}{\tau}$ . (2.5)
(ii) $(\mathrm{t}\mathrm{r}A)^{2}-4\det A\geq 0$ ,




(i) $\underline{D\equiv(\mathrm{t}\mathrm{r}A)^{2}-4\mathrm{d}.\mathrm{e}\mathrm{t}A<0\text{ }}$. (2.7) ,
$P$
$P^{-1}AP=-\rho R(\theta)$ , $\rho\in \mathrm{R},$ $|\theta|\leq\pi/2$ (2.8)




$\rho>0,$ $| \theta|<\frac{\pi}{2}\Leftrightarrow \mathrm{t}\mathrm{r}A<0,$ $\det A>0$ (2.10)
86
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(2.10) (2.3) (2.5) . , (2.8)
$\det A=\det(-\rho R(\theta))=\rho^{2}$ , (2.11)
$\mathrm{t}\mathrm{r}A=\mathrm{t}\mathrm{r}(-\rho R(\theta))=-2\rho\cos\theta$ (2.12)
. $|\theta|\leq\pi/2$ , (2.10) . (2.10)
(2.3) (2.5) ,
$\rho=\sqrt{\det A}$ , (2.13)
$| \theta|=\cos^{-1}(\frac{|\frac{1}{2}\mathrm{t}\mathrm{r}A|}{\sqrt{\det A}})$ (2.14)
. , (2.13) . (2.14) . (2.11)
(2.12)
$\cos\theta=\frac{-\mathrm{t}\mathrm{r}A}{2\rho}=\frac{-\mathrm{t}\mathrm{r}A}{2\sqrt{\det A}}$.
$D<0$ $0<-\mathrm{t}\mathrm{r}A/(2\sqrt{\det A})<1$ . $\cos^{-1}$
(2.14) . (2.10), (2.13), (2.14) (2.3) (2.5) .
(ii) $D\geq 0$ . (2.7) , $Q$
$Q^{-1}AQ=-T$, $a_{1}$ , a2, $b\in \mathrm{R}$ (2.15)
. , $\mathrm{y}(t)=Q^{-1}\mathrm{x}(t)$ , (2.1)
$\mathrm{y}’(t)=-T\int_{-\tau}^{0}\mathrm{y}(t+s)d\mu(s)$ (2.16)
. (i)
$a_{1}>0,$ $a_{2}>0\Leftrightarrow \mathrm{t}\mathrm{r}A<0,$ $\det A>0$ (2.17)
(2.17) (2.4) (2.6) . ,
$a_{1}\leq a_{2}$ . , (2.15) $\det A=\det(-T)=a_{1}a_{2},$ $\mathrm{t}\mathrm{r}A=$
$\mathrm{t}\mathrm{r}(-T)=-(a_{1}+a_{2})$ , $\lambda=-a_{1},$ $-a_{2}$ (2.7) .
(2.17) . [ , $a_{1},$ $a_{2}$
$-a_{1}= \frac{\mathrm{t}\mathrm{r}A+\sqrt{(\mathrm{t}\mathrm{r}A)^{2}-4\det A}}{2}$ , $-a_{2}= \frac{\mathrm{t}\mathrm{r}A-\sqrt{(\mathrm{t}\mathrm{r}A)^{2}-4\det A}}{2}$ . (2.18)
. , (2.17) $a_{1}\leq a_{2}$ $a_{1}>0$ $\mathrm{t}\mathrm{r}A<0,$ $\det A>0$
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$b$ $\mathrm{z}\ \hslash\backslash ^{\backslash }\backslash \mathcal{X}\mathit{2}\hslash\backslash o\sigma 2^{\vee}C^{\backslash }\backslash ,$ $\acute{\mathfrak{l}}\#\#\mathrm{J}a_{2}I_{2}<\pi/\tau \mathit{0}2\ovalbox{\tt\small REJECT}^{\mathrm{A}}\mathrm{r}\supset\sigma$)$\mathrm{a}\epsilon\doteqdot\check{\mathrm{x}}\mathrm{n}l\mathrm{f}^{\backslash }\backslash \mathrm{A}1$ ).
$a_{2}I_{2}< \frac{\pi}{\tau}\Leftrightarrow\frac{-\mathrm{t}\mathrm{r}A+\sqrt{(\mathrm{t}\mathrm{r}A)^{2}-4\det A}}{2}<\frac{\pi}{\tau I_{2}}$
$\Leftrightarrow \mathrm{t}\mathrm{r}A+\frac{2\pi}{\tau I_{2}}>\sqrt{(\mathrm{t}\mathrm{r}A)^{2}-4\det A}$
$\Leftrightarrow \mathrm{t}\mathrm{r}A+\frac{2\pi}{\tau I_{2}}>0$ $( \mathrm{t}\mathrm{r}A+\frac{2\pi}{\tau I_{2}})2>(\mathrm{t}\mathrm{r}A)^{2}-4\det A$ .
(2.4)
$- \mathrm{t}\mathrm{r}A<\frac{2\pi}{\tau I_{2}}$ $\mathrm{t}\mathrm{r}A<\frac{\tau I_{2}\det A}{\pi}+\frac{\pi}{\tau I_{2}}$ (2.19)
.
$\frac{2\pi}{\tau I_{2}}>\frac{\tau I_{2}\det A}{\pi}+\frac{\pi}{\tau I_{2}}$ $( \Leftrightarrow\det A<(\frac{\pi}{\tau I_{2}})^{2})$ (2.20)
.
$\frac{2\pi}{\tau I_{2}}\leq\frac{\tau I_{2}\det A}{\pi}+\frac{\pi}{\tau I_{2}}$ (2.21)
, (2.19)
$0<- \mathrm{t}\mathrm{r}A<\frac{2\pi}{\tau I_{2}}$ (2.22)
. (2.21), (2.22)
$\det A\geq(\frac{\pi}{\tau I_{2}})^{2}>\frac{1}{4}(\mathrm{t}\mathrm{r}A)^{2}$
$D=(\mathrm{t}\mathrm{r}A)^{2}-4\det A\geq 0$ . (2.20) (2.19) (2.6)
.
, 2.1 . $\mu(s)=s$ , (2.1)
$\mathrm{x}’(t)=A\int_{t-\tau}^{t}\mathrm{x}(s)ds$ (2.23)
.





2.1. (2.23) $\mathrm{t}\mathrm{r}A<0$ ,
$\det A>0$
(i) $D<0$ ,
$- \mathrm{t}\mathrm{r}A>2\sqrt{\det A}\sin(\frac{\tau\sqrt{|\mathrm{t}\mathrm{r}A|}}{2})$ . (2.24)
(ii) $D\geq 0$ ,
$- \mathrm{t}\mathrm{r}A<\frac{\pi^{2}}{2\tau^{2}}+\frac{2\tau^{2}\det A}{\pi^{2}}$ $\det A<(\frac{\pi^{2}}{2\tau^{2}})^{2}$ . (2.25)
3.
, (1.1) $(x^{*}, y^{*})$

















$A=(\begin{array}{ll}-a_{11}x^{*} -a_{12}x^{*}a_{21}y^{*} -a_{22}y^{*}\end{array})$ . (3.4)
(1.1) (3.2) .
3.1. [2, Theorem 52., pp.281-282] (3.2)
, (1.1) $(x^{*}, y^{*})$ .
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3.1. $[2, \mathrm{p}281]$ (32) ,
(1.0 $(x^{*}, y^{*})$ .
$A$ (3.4) , 3.1 2.1 (2.5), (2.6)
, (1.1) $(x^{*}, y^{*})$ .
, .
$a_{11}=a_{22}=\alpha,$ $a_{12}=a_{21}=\beta,$ $r_{1}=r_{2}=r,$ $\mu(s)=\frac{s}{\tau}$ (3.5)
. (1.3) $\beta>\alpha$ . , 21
$(x^{*}, y^{*})$ .
31. (3.5) $\beta>\alpha$ .
(i) $\alpha^{4}-\beta^{4}+\alpha^{2}\beta^{2}<0$ ,
(3.6)$r \tau<\frac{2(\alpha^{2}+\beta^{2})}{\alpha\beta}\{\mathrm{s}.\mathrm{n}^{-1}(\frac{\alpha\beta}{\sqrt{\beta^{4}-\alpha^{4}}})\}^{2}$
(ii) $\alpha^{4}-\beta^{4}+\alpha^{2}\beta^{2}\geq 0$ ,
$r \tau<\frac{\pi^{2}}{2}\frac{\alpha\beta-\sqrt{\alpha^{4}-\beta^{4}+\alpha^{2}\beta^{2}}}{\beta^{2}-\alpha^{2}}$ (3.7)
, (1.1) $(x^{*}, y^{*})$ .
. $\mathrm{t}\mathrm{r}A$ $\det A$ 2.1 (2.24), (2.25) . $\mathrm{t}\mathrm{r}A$
$\det A$
$\mathrm{t}\mathrm{r}A=-\frac{2\alpha\beta r}{(\alpha^{2}+\beta^{2})\tau}<0$ , $\det A=\frac{(\beta^{2}-\alpha^{2})r^{2}}{(\alpha^{2}+\beta^{2})\tau^{2}}>0$
. $D=(\mathrm{t}\mathrm{r}A)^{2}-4\det A<0$ $\alpha^{4}+\alpha^{2}\beta^{2}-\beta^{4}<0$








$\alpha^{4}+\alpha^{2}\beta^{2}-\beta^{4}\geq 0$ , (2.25) 1




$\det A<(\frac{\pi^{2}}{2\tau^{2}})^{2}\Leftrightarrow r\tau<\frac{\pi^{2}}{2}\sqrt{\frac{\alpha^{2}+\beta^{2}}{\beta^{2}-\alpha^{2}}}$ .
, :
$\frac{\pi^{2}}{2}\sqrt{\frac{\alpha^{2}+\beta^{2}}{\beta^{2}-\alpha^{2}}}<\frac{\pi^{2}}{2}\frac{\alpha\beta+\sqrt{\alpha^{4}+\alpha^{2}\beta^{2}-\beta^{4}}}{\beta^{2}-\alpha^{2}}$. (3.8)
(3.8) , (2.25) (3.7) .
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